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Cryptate Compounds And Methods For Diagnosis And Therapy 



Brief Summary Of The Invention 

The present invention relates to cryptate compounds useful as chelating agents. In 

particular, the present invention relates to functionalised derivatives of certain cryptate 
5 compounds. These functionalised derivatives are suitable for use in radiolabelling and 
similar applications. The present invention also relates to a method for diagnosis or 
therapy of a disease utilising functionalised derivatives of cryptate compounds. 

Background Of The Invention 

Radiolabeled compounds are useful as radiopharmaceuticals, imaging agents, or 
io the like which are especially useful for but not limited to the diagnosis and therapy of 
diseases including cancer. 

Known radiolabeled compounds suffer from the disadvantage that, in use, the 
radiolabeled nuclide can become detached from the carrier compound thereby leading to 
problems and potential complications in diagnostic and therapeutic applications. Further, 
1 5 the known radiopharmaceuticals tend to be non-specific in their biodistribution throughout 
a subject. 

The present invention seeks to ameliorate the stated disadvantages of the prior art 
by providing compounds which are capable of being radiolabeled more expeditiously, 
specifically target a localised area of tissue or an organ in a subject and which are more 
20 stable than the prior art compounds and less toxic. Further, the compounds of the present 
invention are typically suitable for use in pharmaceutical formulations. It is a further 
typical object of the present invention to provide a method of diagnosis or therapy of 
disease in a subject. 

Summary Of The Invention 

25 In accordance with a first embodiment of the present invention, there is provided a 

compound which is capable of being radiolabeled of general formula (I) which is as 
follows: 

^(CR4R5) n 

-W v 



Y W ^W-~^X 



^(CR4R5) n ^ 

(I) 

in which n represents an integer from 2 to 4, 
30 where each R 4 and R 5 is independently selected from -H, CH 3 , COOH, N0 2 , CH 2 OH, 
H 2 P0 4 , HS0 3 , CN , C = ONH 2 and CHO; 

X and Y are the same or different and are selected from the group of C-R, N, P 
and C-Z in which R represents a hydrogen or halogen atom or a hydroxy 1, nitro, nitroso, 
amino, optionally substituted alkyl, optionally substituted aryl, optionally substituted 
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aralkyl or cyano group, or a group of the formula -COOR', COCOOR', NH-COCH 2 Br, - 
NH-CO-CH = CH-COOR' in which R' is a hydrogen atom or alkyl group; or; 
W is selected from the group of NH, S and O; and 

Z is a functionalised linkage group which is capable of binding said compound of 
5 formula (I) to a molecular recognition unit and wherein at least one of X and Y is C-Z; or 
a pharmaceutical^ acceptable salt thereof. 

It is to be understood that throughout this specification, the term "molecular 
recognition unit" includes an antibody, protein, peptide, carbohydrate, nucleic acid, 
oligonucleotide, oligosaccharide, liposome, or other molecule which can form part of a 
10 specific binding pair. 

Tn on^fprmjftfjh^ 

selected from the group of halogen or other leaving group, nitro, nitroso, imide, dione of 




O 



15 vinyl group of formula Het 1 -C(Het 2 ) = CH 2 (where Het 1 and Het 2 are the same or 
different and is each a nitrogen containing heterocyclic group or Het 1 is a nitrogen 
containing heterocyclic group and Het 2 is H), -C(=NH)OR 2 , NCO, NCS, COR", 
COOR*, SR 2 , NHNR 2 R 3 , NHCONHNR 2 R 3 , NHCSNHNR 2 R 3 , CONR 2 , OR 2 , NR 2 R 3 , 
(CH 2 ) p R 1 9 (CH 2 ) p ArR 1 , (CH^pCH^ 1 , (CH 2 OCH 2 0) q ArRl , (CHCH^R 1 , 

20 (CHCH^ArR 1 where R 2 and R 3 are the same or different and are independently selected 
• from H, (CH 2 ) p R 1 , (CH 2 ) p ArRl, (CH 2 0) p CH 2 R 1 , -(CH 2 OCH 2 0) q ArRl, (CHCH^R 1 , 

(CHCH)j-ArR 1 and where Rl is selected from SH, OH, NH 2 , COOH, NCS, -N = N, or - 
C( = NH)OCH 3 , COR", where R" is H, halogen, N 3 , alkoxy, OAr, imidyloxy, 
imidazoyloxy, alkyl, or alkyl substituted with a halogen or other leaving group, where p 

25 is an integer from 1 to 20, more typically 1 to 10, still more typically 1 to 4, even more 
typically 1 to 2 and yet more typically 1; q is an integer from 1 to 20, more typically 1 to 
10, still more typically 1 to 4, even more typically 1 to 2 and yet more typically 1; r is an 
integer from 1 to 4, more typically 1 or 2, still more typically 1; and Ar is optionally 
substituted aryl or optionally substituted aralkyl, provided that when one of X and Y is 

30 selected from C-N0 2 , C-OH, C-Cl, C-CH 3 or C-NH 2 then the other X or Y substituent 
cannot be selected from C-N0 2 , C-OH, C-Cl or C-NH 2 . In moieties of formula 
(CH 2 ) p R l , (CH^pArR 1 * one or more methylene groups may also be replaced with O, S, 
NH or carbonyl, for example C(0)R\ O^C^R 1 , NHCH 2 R l , NHC^R 1 , CH^R 1 , 
CH 2 C(0)NHR l , and the like. 
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3 

Typically in the compound of Formula (I), the functionalised linkage group Z of 
the compound of Formula (I) is selected from the group of halogen, maleimide, a vinyl 
pyridyl group of formula 




NR 2 R 3 where R 2 and R 3 are the same or different and are independently selected from H, 
(CH 2 ) p Rl f (CH 2 ) p ArRl , (CH 2 0) p CH 2 R 1 , -(CH 2 OCH 2 0) q ArRl , -(CHCH) r Rl , 

10 (CHCH)rArR 1 and where R 1 is selected from NH 2 , COOH, NCS, NCO, -N=N, or - 
C( = NH)OCH 3 , COR" group where R" is H, halogen, alkyl, or alkyl substituted with a 
halogen or other leaving group, where p is an integer from 1 to 20, more typically 1 to 
10, still more typically 1 to 4, even more typically 1 to 2 and yet more typically 1; q is an 
integer from 1 to 20, more typically 1 to 10, still more typically 1 to 4, even more 

15 typically 1 to 2 and yet more typically 1; r is an integer from 1 to 4, more typically 1 or 
2, still more typically 1; and Ar is optionally substituted aryl or optionally substituted 
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aralkyl, provided that at least one of R 2 and R 3 is other than hydrogen, and wherein, in 
moieties of formula (CH 2 ) p R 1 , (CH^pArR 1 , one or more methylene groups may also be 
replaced with O, S, NH or carbonyl, for example C(0)R 1 s Ca 2 C(Q)R l 9 NHCEyt 1 , 
NHCfOJR 1 , OR 1 , SR 1 , CH 2 ORi, CH 2 C(0)NHRi, and the like< 
5 More typically in a compound of Formula (I), each R 4 and R 5 is H; W is NH; n is 

2 to 4, more typically 2 or 3, still more typically 2; Z is selected from halogen and 
NR 2 R 3 where R 2 and R 3 are the same or different and are independently selected from H, 
(CH 2 ) p R 1 , (CH^pArR 1 , provided that at least one of R 2 and R 3 is other than H; R 1 is 
selected from NH 2 , COOH, NCS, NHCOCH 2 Br and COR" where R" is halogen, 

10 typically Br; and p is an integer from 1 to 4, more typically 1 to 2 and still more typically 

LJY.et.mQre_typi^ 

still more typically R is amino. 

As used herein, the term "aryl" refers to single, polynuclear, conjugated and fused 
residues of aromatic hydrocarbons or aromatic heterocyclic ring systems. Examples of 

15 such groups are phenyl, biphenyl, terphenyl, quaterphenyl, naphthyl, tetrahydronaphthyl, 
anthracenyl, dihydroanthracenyl, benzanthracenyl, dibenzanthracenyl, phenanthracenyl, 
fluorenyl, pyrenyl, indenyl, azulenyl, chrysenyl, pyridyl, 4-phenylpyridyl, 3- 
phenylpyridyl, thienyl, furyl, pyrryl, indolyl, pyridazinyl, pyrazolyl, pyrazinyl, thiazolyl, 
pyrimidinyl, quinolyl, isoquinolyl, benzofuranyl, benzothienyl, purinyl, quinazolinyl, 

20 phenazinyl, acridinyl, benzoxazolyl, benzo thiazolyl, heteroaryl, pyridine and Het- 
CH=CH 2 and the like. Typically aryl is phenyl, pyridyl, naphthyl, anthracenyl or the 
like, and heteroaryl is typically pyridine and Het-CH = CH 2 Still more typically, aryl is 
phenyl. 

As used herein, the term "aralkyl" refers to alkyl groups substituted with one or 
25 more aryl groups as previously defined. Examples of such groups are benzyl, 2- 
phenylethyl and 1-phenylethyl. 

As used herein, the term "optionally substituted" means that the moiety described 
as optionally substituted may carry one or more substituents selected from amino, 
halogen, hydroxy, mercapto, nitro, cyano, thiocyano, alkyl, alkoxy, halogenoalkyl, acyl, 
30 acylamino, acyloxy, carboxyl, alkoxy carboxyl, carbamoyl, pyridoylamino, carboxyalkyl- 
carbamoyl, N-carboxyalkylcarbamoyl, sulpho, sulphamoyl, mono- or dialkylated or 
phenylated sulphamoyl which can carry one or more alkyl substituents, alkylsulphonyl, 
alkoxy sulphonyl, optionally hydroxy-containing phenylsulphonyl or phenoxy sulphonyl. 

In another form of the compound of Formula (I), the Z group of said compound of 
35 Formula (I) is selected from the group of NR 2 R 3 where R 2 and R 3 together with the 
nitrogen atom to which they are attached form a substituted saturated or unsaturated 3 to 8 
membered ring optionally containing one or more additional heteroatoms O, S or N and 
wherein there is at least one substituent capable of binding said compound of Formula (I) 
with a molecular recognition unit. 
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In accordance with a second embodiment of the present invention, there is also 
provided a compound of Formula (I) as described in the first embodiment of the present 
invention which is complexed with a metal ion. 

The metal ion is typically selected from ^Cu, 67 Cu, ^Tc, Ga, In, Co, Re, Fe, 
5 Au, Ag, Rh, Pt, Bi, Cr, W, Mo, Ni, V, Pb, Ir, Pt, Zn, Cd, Mn, Ru, Pd, Hg, Ti, Tl, Sn, 
Zr, and the lanthanide group of elements in the Periodic Table such as Sm, Ho, Gd, Tb, 
Sc, Y, and the actinides. 

The metal ion is further typically a radionuclide selected from the group of M Cu , 
67 CU) 99m TC) and radionuclides of In(III), Ga (III), Fe (III), Cu (II), Ti (IV) and other 
10 radionuclides from the Lanthanides, Re, Sm, Ho, and Y. 

In a ccordance with a third embod i m en t of th e pres e nt inv e ntion, th e re is also 
provided a pharmaceutical formulation comprising a compound of Formula (I) as 
described in the first embodiment of the present invention or a metal complex, 
radiolabeled complex or pharmaceutically acceptable salt thereof together with a 
15 pharmaceutically acceptable carrier. 

In accordance with a fourth embodiment of the present invention, there is also 
provided a diagnostic formulation comprising a compound of Formula (I) as described in 
the first embodiment of the present invention or a metal complex, radiolabeled complex 
or pharmaceutically acceptable salt thereof and a reducing agent in a pharmaceutically 
20 acceptable carrier. 

In accordance with a fifth embodiment of the present invention, there is also 
provided a method of diagnosis or therapy in a subject comprising administering to the 
subject a diagnostically or therapeutically effective amount of a compound of Formula (I) 
as described in the first embodiment of the present invention or a metal complex, 
25 radiolabeled complex or a pharmaceutically acceptable salt thereof. 

In accordance with a sixth embodiment of the present invention, there is also 
provided a use of a compound of Formula (I) or a metal complex, radiolabeled complex 
or pharmaceutically acceptable salt thereof in the preparation of a medicament for 
diagnosis or therapy of disease in a subject. 
30 In accordance with a seventh embodiment of the present invention, there is also 

provided a compound of Formula (I) as described in the first embodiment of the present 
invention or a metal complex, radiolabeled complex or pharmaceutically acceptable salt 
thereof when used in the diagnosis or therapy of disease in a subject. 

In accordance with an eighth embodiment of the present invention, there is also 
35 provided a conjugate compound comprising at least one compound of Formula (I) as 
described in the first embodiment of the present invention or a metal complex, 
radiolabeled complex or a pharmaceutically acceptable salt thereof bonded to at least one 
molecular recognition unit comprising an antibody, protein, peptide, carbohydrate, 
oligonucleotide, oligosaccharide, liposome or the like. 
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In accordance with a ninth embodiment of the present invention, there is provided 
a method of diagnosis or therapy in a subject comprising administering to the subject a 
diagnostically or therapeutically effective amount of a conjugate compound as described in 
the eighth embodiment of the present invention. 
5 In accordance with a tenth embodiment of the present invention, there is provided 

a use of a conjugate compound as described in the eighth embodiment of the present 
invention in the preparation of a medicament for diagnosis or therapy of disease in a 
subject. 

In accordance with an eleventh embodiment of the present invention, there is 
10 provided a conjugate compound as described in the eighth embodiment of the present 

invention-when used in the-diagnosis or th e rapy-of-discase-in-a-subjcct.- 

In accordance with a twelfth embodiment of the present invention, there is 
provided a method of imaging a subject comprising introducing a compound of Formula 
(I) or a metal complex, radiolabeled complex, conjugate compound or pharmaceutically 
1 5 acceptable salt thereof to a subject. 

In accordance with a thirteenth embodiment of the present invention, there is 
provided a use of a compound of Formula (I) or a metal complex, radiolabeled complex, 
conjugate compound or pharmaceutically acceptable salt thereof in the preparation of a 
medicament for imaging in a subject. 
20 In accordance with a fourteenth embodiment of the present invention, there is 

provided a compound of Formula (I) or a metal complex, radiolabeled complex, 
conjugate compound or pharmaceutically acceptable salt thereof when used in imaging in 
a subject. 

Detailed Description Of The Invention 

25 The compounds of Formula (I) typically comprise those compounds where n 

represents an integer from 2 to 4, more typically 2 or 3, still more typically 2. Typically, 
one of X and Y is a C-Z group where Z is typically NR 2 R 3 where R 2 and R 3 are the same 
or different and are selected from H, (CH 2 ) p R 1 and (CH 2 ) p ArR 1 , where R 1 is as 
previously defined, and p is 1 to 4, more typically 1 to 2 and still more typically 1, 

30 provided that at least one of R 2 and R 3 is other than hydrogen. Usually, one of X is a C- 
Z group and the other is a group C-R, where R is as previously defined, typically amino, 
lower alkyl, nitro, hydroxy or halogen. Generally, R 1 is NH 2 and p is 1. 
An example of a compound of Formula (I) is: 
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The R 1 group in a compound of Formula (I) may provide a point of attachment of 
a compound of Formula (I) to a molecular recognition unit. 

The molecular recognition unit is typically an antibody, protein, peptide, 
oligonucleotide, oligosaccharide. In particular, the molecular recogmtion umt is typically 

5 an antibody and more typically a monoclonal antibody. 

Thus, compounds of Formula (I) provide a method of attachment of radionuclide 
metal ions such as In(III), Ga(III), Fe(III), Tc(IV) or Tc(V), Re(VII), Cu(II), Ti(IV), 
other radionuclides from the Lanthanides, Rhenium, Samarium, Holmium, Yttrium and 
the like to molecular recognition units such as monoclonal antibodies, receptor specific 

10 proteins, peptides or oligonucleotides for in vivo imaging and therapy. 

The compounds of general Formula (D are typicallyj^pared_by_attachment of a 

functional linking group to a suitable cryptate. Methods of synthesis of cryptates useful 
as precursors to compounds of Formula (I) in which W is NH are described in United 
States Patent No. 4,497,737 in the name of Sargeson et al, the disclosure of which is 

15 incorporated herein by reference. Other cryptates where W is S or O may be prepared by 
analogous methods. Sargeson et al describe synthesis of metal cage "cryptate" 
compounds by the condensation of a tris-(diamine) metal ion complex as described at 
column 3 lines 30 to 35 with formaldehyde and an appropriate nucleophile. In order to 
obtain the compounds of Formula (I), an appropriate nucleophile is selected so as to 

20 obtain the desired functionalised linkage group Z as defined in Formula (I). In particular, 
reference is made to column 4 lines 17 to 27 of United States Patent No. 4,497,737. 
Alternatively, a functionalised linkage group Z may be attached to a functional group of a 
cryptate prepared by the methods taught by Sargeson et al (for example see Example 9 at 
column 9 line 65 to column 12 line 10 of Sargeson et al) by standard synthetic techniques. 

25 If necessary, a protecting group may be introduced into the cryptate structure to protect 
latent functionality for the desired functionalised linkage group Z as defined in Formula 
(I) during synthesis of the desired cryptate precursor. Suitable protecting groups are 
described, for example in Greene, T.W., Protective Groups in Organic Synthesis (John 
Wiley & Sons, New York, 1981) and McOmie, J.F.W., Protective Groups in Organic 

30 Chemistry (Plenum Press, London, 1973). 

For example, compounds of Formula (I) where said Z group comprises a mono- 
or di-substituted amino group and where the substituent is optionally substituted alkyl, are 
readily prepared by treating the amino compound with the appropriate halo-substituted 
alkyl. Typically, the compound of Formula (I) where Z is -NH-CH 2 -CH 2 -NH 2 can be 

35 prepared by treating a compound of Formula (I) where R is NH 2 with BrCH 2 CH 2 NH 2 in 
the presence of NaHC0 3 or the like with suitable protection. 

Compounds of formula (I) where R 1 is -NCS may be prepared by reacting the 
amino compound with thiophosgene (see W087/12631), Kozak et aL, Cancer Res. 49, 
2639 (1989). Substituted acid halide compounds are produced by reacting a compound of 

40 formula (I) where R is NH 2 with BrCH 2 COBr at 4°C according to the procedure of C J 
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Mathias et aL, Bioconjugate Chem., 1, 204 (1990). Compounds with an electrophilic 
moiety can also be prepared by methods known in the art, such as in ACC Chem. Res. 17 
202-209 (1984). Compounds with active esters (CH) p -C(0)-X may be formed by the 
procedures ot bodanszky M, The Peptide. Analysis Synthesis Biology, Ed. E. Gross and J 
5 Meienhofer, Vol 1. pp 105-196, Academic Press, Inc., Orlando, FL. (1979) and 
Bodanszky M, Principles of Peptide Synthesis, pp 9-58, Springerverlag, New York, 
(1984). Other compounds of formula (I) may be prepared from such compounds by 
standard procedures such as described in Modern Synthetic Reactions, H O House, 2 nd 
Edition, Benjamin, Inc. Philippines, 1972. 

10 In a typical embodiment, compounds of formula (I) in which X or Y is C-Z 

where the group Z is a group NH(CH ? ^ p Rl or NH( CH 2 ) p ArR 1 may he prepared by a 
Schiff Base condensation reaction of a compound of formula (I) (or a metal complex 
thereof) in which X or Y is NH 2 with an aldehyde of formula HC(0)(CH 2 ) p _iR 1 or 
HC(0)(CH 2 ) p _iArR 1 . (Still typically, the Schiff Base condensation reaction is most 

1 5 appropriately conducted between a copper complex of compounds of Formula (I) in which 
X or Y is NH 2 with an aldehyde of formula HC(0)(CH 2 ) p .iR 1 or HC(d)(CH 2 ) p .iR 1 .) In 
one particular form of this embodiment, a compound of formula (I) is obtained by the 
reaction of nitrobenzaldehyde with the copper complex of an aminocryptate such as 
described by Sargeson et aL The reaction is typically performed in an inert-gas 

20 atmosphere and in the presence of solvent and diluents typically inert to the reactants. 
Suitable solvents comprise aliphatic, aromatic, or halogenated hydrocarbons such as 
benzene, toluene, xylenes; chlorobenzene, chloroform, methylene chloride, ethylene 
chloride; ethers and ethereal compounds such as dialkyl ether, ethylene glycol mono or - 
dialkyl ether, THF, dioxane; alkanols such as methanol, ethanol, n-propanol, isopropanol; 

25 ketones such as acetone, methyl ethyl ketone; nitriles such as acetonitrile or 2- 
methoxypropionitrile; N,N-dialkylated amides such as dimethylformamide; 
dimethylsulphoxide, tetramethylurea; as well as mixtures of these solvents with each 
other. If the amine or a salt thereof is soluble in water, then the reaction medium may be 
water at low temperature. The compounds of formula (I) may be converted to 

30 pharmaceutical^ acceptable salts by way of recognised procedures. 

The radiolabelling of compounds of formula (I), and salts thereof can be 
accomplished by using procedures recognised in the art. For example, radiolabelling of 
the chelator with 67 Cu can be achieved by adding copper in an aqueous acetate solution to 
a compound of formula (I) in an aqueous solution and incubating at room temperature. 

35 Alternatively, the radiolabelling of a compound of formula (I) with technetium, 

for example, may be achieved by adding a reducing agent such as stannous salts typically 
stannous chloride, to an aqueous solution of a compound of formula (I), followed by 
reaction with aqueous sodium pertechnetate solution (Na 99m Tc0 4 ). The order of mixing 
these three components is believed not to be critical. However, typically the reducing 

40 agent is added to the chelator of formula (I). Other suitable reducing agents comprise 
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alkali metal dithionites such as sodium dithionite, sodium borohydride, hydrochloric acid, 
hydrobromic acid, other soluble dithionites such as potassium dithionite or ammonium 
dithionite, a soluble bisulfite or metabisulfite such as sodium bisulfite, potassium bisulfite, 
lithium bisulfite, ammonium bisulfite, sodium metabisulfite, potassium metabisulfite, 
5 lithium metabisulfite or ammonium metabisulfite, or an aqueous solution of sulfur 
dioxide. 

Technetium-99m in the form of an aqueous solution of sodium pertechnetate is 
readily obtainable from commercially available molybdenum-99/technetium-99m 
generators or alternatively, instant 99mx c ma y fc e US ed. Cu-64 is commercially available 
10 from Australian Nuclear Science & Technology Organisation and 67 Cu from the US 
Department of Ener g y , Brookhaven , USA. _ 



The conjugate compounds of the eighth embodiment of this invention may be 
formed by the reaction of a radiolabeled metal complex of a compound of Formula (I) 
together with a molecular recognition unit. The radionuclides which are useful for 
1 5 complexing with the compounds of Formula (I) typically comprise metal ions which have 
at least two oxidation states, most typically an oxidation state of + 2 or 4-3. In a typical 
embodiment, the radiolabeled metal complex is selected from ^Cu, 67 Cu and 99mTc, 
Sm, Ho, Re, Sc, Cu, Pd, Rh, and Y. The most typical metal ions comprise ^Cu, 67 Cu, 
99mT c These radiolabeled metal complexes are then reacted with a molecular 
20 recognition unit. The radiolabeled molecular recognition unit so formed is useful for 
diagnostic, therapeutic and radioimaging applications. 

Alternatively a conjugate of a compound of formula (I) may be first prepared, and 
then it may be radiolabeled. 

Thus, radiolabelling of molecular recognition units such as proteinaceous materials 
25 using compounds of formula (I) can be conducted in two ways, namely: 

(a) prelabelling of a compound of Formula (I) with a suitable radionuclide, followed 
by conjugation of the resultant radiocomplexed compound to proteinaceous or other 
material, or 

(b) conjugating the compound of formula (I) to proteinaceous or other material for 
30 subsequent radiolabelling. 

The formation of a conjugate compound of formula (I) is usually achieved by the 
reaction of the functionalised linkage group with a thiol, amino, carboxyl, hydroxyl, 
aldehyde, aromatic or heteroaromatic group present in the molecular recognition unit. 
For example, an amino or hydroxy group of the functionalised linkage group may be 
35 reacted with a free carboxyl group of the molecular recognition unit, or vice versa. 
Suitably a coupling agent such as a carbodiimide may be employed to facilitate the 
coupling reaction. 

The conjugate compounds according to the eighth embodiment of the present 
invention may contain more than one molecule of a compound of formula (I) to any one 
40 molecular recognition unit. The metal complexing and radiolabelling of compounds of 
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formula (I), and pharmaceutically acceptable salts thereof can be accomplished by using 
procedures recognised in the art. For example, the radiolabelling of the conjugate 
compounds with ^Cu may be achieved by adding an aqueous acetate solution of ^Cu to 
the conjugate compound in an aqueous solution and incubating for 5 minutes at room 
5 temperature. A composition comprising an uncomplexed conjugate in accordance with 
the invention may also be supplied to radio-chemists, technicians, radiopharmacists, 
doctors or the like in the form of a kit for radiolabelling immediately prior to use. 

In a typical form of this invention, the kit comprises a first container that contains 
a radiolabelling metal ion, usually in solution, and a second container that contains a 
1 o conjugate compound as described in the eighth embodiment of the present invention. The 
JdU-in use, then involves mixing the contents of said first and second^ contai^r^o^btaiji_ 
the radiolabeled conjugate compound. 

Typically, the compounds of Formula (I) or the metal complex, radiolabeled 
complex or pharmaceutically acceptable salt thereof are useful for labelling molecular 
recognition units for use in methods of diagnosis and therapy of disease. In particular, 
the typical radiolabeled molecular recognition units are monoclonal antibodies and 
fragments thereof, peptides, oligonucleotides, oligosaccharides or liposome or a part of a 
specific binding pair. 

The applications of radiolabeled molecular recognition units comprise diagnosis, 
imaging and therapy of disease such as cancer. Typically, the compounds of formula (I) 
and their metal complexes and/or salts thereof have a diagnostic use as imaging agents in 
vitro and in vivo. The method of diagnosis using the aforesaid imaging agents will result 
from the localisation of the radiolabeled conjugate compounds on specific organs and 
tissues in a subject. 

The method of diagnosis will typically involve first the administration of an 
effective amount of a radiolabeled compound of Formula (I) to a subject; and then 
monitoring the subject after a suitable period of time in order to ascertain the presence or 
absence of a cancer for example as evidenced by localisation of the radiolabel at a 
particular site in the subject. Typically , the monitoring step shall provide information 
regarding the location of any cancer if it is present. The effective amount or dosage of 
the radiolabeled compound of Formula (I) will depend upon the desired amount of 
radioactivity required for the diagnostic application balanced with the safety requirement 
of not exposing the subject, in particular their organs and tissues, to harmful amounts of 
radiation. Appropriate dosages for any given application may be determined by persons 
skilled in the relevant art by no more than routine experimentation, given the teaching 
herein. 

The method of therapy will typically involve compounds of formula (I) or the 
metal complexes, radiolabeled complexes and/or pharmaceutically acceptable salts 
thereof which are useful as cytotoxic agents. In a typical embodiment, the therapy of 
disease comprises treatment of cancer, abnormal cell disorders and the treatment of 
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1 1 

tumours. In such applications, the radiolabeled compound of formula (I) is typically 
conjugated to a molecular recognition unit which is capable of binding specifically to the 
tumour or abnormal cell. Examples of such molecular recognition units comprise one 
pan of specific binding pairs and are known 10 persons skilled in the relevant art and 
5 typically comprise antibody/antigen pairs and the like. 

The method of therapy will typically involve the administration of an effective 
amount of a radiolabeled compound of Formula (I) to a subject. The effective amount or 
dosage will depend upon the desired amount of radioactivity required for the diagnostic 
application balanced with the safety requirement of not exposing the subject, in particular 

10 their organs and tissues, to harmful amounts of radiation. Appropriate dosages for any 

given application may be determined by persons skilled in the relevant art by no more 

than routine experimentation, given the teaching herein. 

The radiolabeled molecular recognition units especially radiolabeled antibodies 
are particularly useful in medicine, for example, in locating specific tissue types and in 

15 the therapy of cell disorders. The radiolabeled antibodies can also be used to target metal 
ions to a specific tissue type, both in vitro and in vivo . 

A typical use of the radiolabeled compounds of Formula (I) is to radiolabel 
monoclonal antibodies specific for colon, ovarian, lymphoma, breast and/or bladder 
cancer, with beta emitter radionuclides of metals such as Sm, Ho, Re, Sc, Cu, Pd, Pb, Rh 

20 and Y for therapy of above mentioned cancer. A further typical use is in the 
radiolabelling of a monoclonal antibody specific for metastasis of colon cancer for 
diagnosis and therapy. 

In another typical embodiment, the antibody in the conjugate compound may be a 
complete antibody molecule or a fragment thereof or an analogue of either of these, 

25 provided that the antibody comprises a specific binding region. The antibody may be a 
humanised monoclonal or a fragment thereof. The antibody may also be a recombinant 
antibody. The antibody may be specific for any number of antigenic determinants, but is 
typically specific for one antigenic determinant. 

In another typical embodiment, there is provided radiolabelling of monoclonal 

30 antibodies with 67 Cu (beta and gamma emitter) and ^Cu (positron and beta emitter), for 
combined radioimmunoscintography (RIS) (SPECT and PET) and radioimmunotherapy 
(RIT). Other radionuclides comprise Auger emitting agents where the compound of 
Formula (I) is coupled to the monoclonal antibody and labelled with auger emitting 
isotope such as Fe-59 or Cu-64. 

35 In still another typical embodiment, there is provided a two step pretargeted 

radioimmunotherapy where a monoclonal antibody with a first marker molecule attached 
thereto is injected into a subject. Once the antibody has cleared from the system and 
localised to the tumour, a second injection is administered to the subject. This second 
injection typically involves the radiolabeled complex of Formula (I) attached to a second 

40 marker molecule which recognises the first marker molecule on the targeted antibody. 
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Alternatively, the second injection may typically be the second marker molecule alone and 
when cleared from the system, the radiolabeled complex of Formula (I) attached to the 
first marker molecule is administered to the subject. Both procedures provide 
amplification or the target site ana reduce exposure ot the radiolabeled complex to 
5 normal tissue. Still typically, the first marker molecule is biotin and the second marker 
molecule is avidin or streptavidin. Still more typically, the first marker molecule is 
smaller than the targeted antibody. 

The invention also provides a two step procedure which involves the 
administration of an antibody-DNA conjugate or antibody-oligonucleotide conjugate 
10 followed by targeting with a radiolabeled complementary DNA or complementary 
oligonucleotide^ jnrisjg^ amplification of the target site and reduces 

exposure complex of the radiolabeled to normal tissue. 

The invention also provides a use of compounds of Formula (I) or metal 
complexes, radiolabeled complexes, conjugate compounds or pharmaceutically acceptable 
15 salts thereof as Magnetic Resonance Imaging (MRI) agents. In this form of the invention, 
there is typically formed a complex of compound of formula (I) or a conjugate of the 
eighth embodiment, with a paramagnetic metal ion, typically Fe (III), Mn(II), which may 
be used as a contrast agent to enhance images. Further, complexes such as these may be 
employed in the form of a pharmaceutical formulation where the complex is present with 
20 a pharmaceutically acceptable carrier, excipient or vehicle therefor. 

The pharmaceutical formulations described for the different embodiments of this 
invention typically comprise a formulation in the form of a suspension, solution or other 
suitable formulation. Physiologically acceptable suspending media together with or 
without adjuvants may be used. Still typically, the pharmaceutical formulations are in a 
25 liquid form and still more typically are in an injectable form. Still more typically, the 
injectable formulations are dissolved in suitable physiologically acceptable carriers which 
are recognised in the art. 

The industrial use of the compounds of formula (I) further comprises their 
attachment to solid surfaces such as polymers, for use in the concentration of metal ions 
30 and purification of water or attached to an electrode surface for detection of specific metal 
ions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further illustrated, by way of example only, with 
reference to the accompanying figures; in which: 
35 Figures la and lb are graphical representations of the serum stability of 67 Cu 

complex of compound (4) at 0 and 7 days respectively; 

Figure 2 is a graphical representation of the effect of pH on the complexation of 
^Cu with compound (3); 
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Figure 3 is a graphical representation of the biodistribution of a ^Cu complex of 
compound (4); 

Figure 4 is a graphical representation of the biodistribution of a ^Cu complex of 
compound (1); 

5 Figure 5 is a graphical representation of the biodistribution of a ^Cu complex of 

compound (3); and 

Figure 6 is a graphical representation of the biodistribution of ^Cu labelled 
conjugate of B72.3 conjugated with compound (3) in Tumour Bearing Nude Mice. 



EXAMPLES 



10 



The following examples serve only to illustrate the invention and should not be 



construed as limiting the generality of the above description. 
Example 1: Preparation of Compound (3) 





NH, .NH 



NH— CH 2 — NH 2 




NH 



NH NH 



\__/ 



Compound (3) 
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Preparation of compound (3) is illustrated in Schemes 1 and 2. 




,^ Nh-L ? N H 

NH<' C \^NH 
NH NH 




H 9 N 



NH, 



[1] 




CHO 



-inEtOH 

+NaBH 3 CN 
+CH3COOH 



NO, 




/ \ 
/X-NH NH-r\ 



Scheme 1. 



0/~ CH2_NH ^\ NH^^NH V"NH 2 
s ' N — NH NH — -* 

[2] 

Schiff Base Condensation reaction of compound (1) with p- 
nitrobenzaldeheyde 
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r 

NH 



\ 
NH 



/ N CuC\ 
NH<^ \^NH 




NH, 



[2] 



+ Pd/C 
NaBH 4 




/ \ 
NH NH- 




CH 2 — NH 



[3] 

Scheme 2. Reduction of compound (2) to compound (3). 
A. Preparation of Compound (2) 

Compound (2) is prepared by Schiff base reaction of compound (1) with p- 
5 nitrobenzaldehyde. Synthesis of compound (1) is described in Aust, J. Chem (1994) 47, 
143-179. A copper complex of (1) is dissolved in dry ethanol (2.4 mmoles in 100 mis) 
and p-nitrobenzaldehyde (2.2 mmoles) is added. The reaction mixture is evaporated to 
dryness and reconstituted (with dry ethanol) twice to remove any water. The reaction 
mixture is once again reconstituted in dry ethanol and stirred for 30 mins under nitrogen 

10 gas. Sodium cyanoborohydride (25 mmoles), glacial acetic acid (2 mmoles) and activated 
3 A molecular sieves are added and the reaction is allowed to stir overnight. The mixture 
is filtered, evaporated to dryness and extracted with chloroform and water (100 ml : 200 
ml). The water layer is diluted to 2 L, sorbed onto SP Sephadex C25 and eluted with 0.3 
M sodium acetate. (Scheme 1). 

is B. Preparation of Compound (3) 

To palladium/C catalyst (20 mg) in water (0.5 ml) is added sodium borohydride 
(50 mg) in water (0.5 ml) under nitrogen gas. To this mixture is then added compound 
(2) (30 mg) dissolved in approximately 0.1 M sodium hydroxide (0.5 ml). The mixture is 
left to stir at room temperature for a further 30 mins or until the solution becomes clear. 

20 A 2 ml glass vial is cooled on ice. The mixture is 0.22 \im filtered into the cooled vial to 
remove the suspended palladium/C catalyst. To this cooled filtrate is added concentrated 
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hydrochloric acid dropwise until all excess sodium borohydride is quenched (i.e. until gas 
evolution on addition of acid ceases). The quantity of product is determined by titration 
with a known concentration of ^Cu as described in Example 2. Product is stored frozen 
at pH ^ 1 in a rubber-stoppered vial under nitrogen gas. Yield: > 95 % (Scheme 1). 
5 The final product is characterised by ^-NMR in D 2 0 at 298K (Bruker Avance DPX 
400). 1H NMR 3.28 ppm, m, 6H, CH 2 (cage); 3.39 ppm, m, 6H, CH 2 (cage); 3.59 
ppm, s, 6H, CH 2 (cage); 3.71 ppm, s, 6H, CH 2 (cage); 4.45 ppm, s, 2H, CH 2 ; 7.51 
ppm, d, 2H, Ar; 7.70 ppm, d, 2H, Ar. 
Example 2 Complexation of 64 Cu by Compound (3) 

10 The effect of pH on complexation of ^Cu by compound (3) was investigated. 

Compound (3) was diluted into buffen^ofjji 3.q_4.0 1 j.0, 6.0, 7.0, 8.0 and 9.0. A 
sufficient amount of ^Cu was added and the rate of complexation was monitored at (t = 
1, 2.5, 5, 10, 60 and 90 mins) (see method below) by Instant Thin Layer 
Chromatography (ITLC-SG). Complete complexation (> 98 %) was achieved within 1 

1 5 min for all pH > 4.0. The rate of complexation at pH 3.0 was slower. (Figure 2). 
Monitoring Complexation by ITLC-SG 

ITLC-SG strips (10 cm X 0.8 cm) were spotted with ~ 1 ^lL of reaction mixture 1 
cm from the bottom of the strip (origin) and were developed in a solvent containing 0.1 M 
sodium acetate (pH 4.5) : ethanol = 9:1. ^Cu-compound (3) remains at the origin (R f = 

20 0.0), and "free" ^Cu appears at the solvent front (R f = 1.0). 

A typical method of radiolabelling the ligand is achieved by adjusting the pH of an 
aqueous solution of the ligand to pH 5.0. Sufficient volume of M&Cu solution (usually 
in 0.02 M HC1 or diluted into 0.1 M sodium acetate buffer pH 5.0) is added to form a 1:1 
complex. The efficacy of labelling is determined by ITLC-SG as described above. One 

25 main radiochemical species is observed. 

Example 3 Serum Stability of 67 Cu complex of compound (4) 

Serum stability studies were conducted by incubating a 67 Cu complex of related 
species (4) in human plasma at 37°C. 



H— f NH NH J - H 
NH NH— ' 



30 [4] 

At various time intervals, the complex was separated from the plasma by size 
exclusion chromatography and the complex breakdown was assessed. Results indicated 
that no more than 2% of the copper is lost from the chelator during the first 174 hours at 
37°C. (Figure la and lb) 
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Example 4 Synthesis of B72.3 conjugated with (3) using l-Ethyl-3-(3- 
dimethyIamino-propyI)carbodiimide (EDC) 

A typical method for radiolabelling an antibody (such as B72.3) is to incubate the 
antiDody witii the ligand (such as compound (3)) in the presence of EDC at pH 5.0 for 30 
5 mins at 37°C. The unreacted ligand and EDC by-products are removed by washing with 
buffer (pH 5.0) on a size exclusion ultra filtration membrane. The purified 
immunoconjugate is exposed to a slight excess of ^^Cu. The reaction is allowed to 
proceed at room temperature, and labelling is complete in less than 5 mins. Excess 
M/ ^Cu is removed by washing with 0.1 M EDTA in PBS (pH 7.2) on a size exclusion 
io ultra filtration membrane or by separation on a size exclusion column (sephadex G25, 
eluted with PBS pH 7 ,2). (S che m e 3) 

The conditions for radiolabelling B72.3 were optimised over incubation time (30 
mins), reaction pH (5.0), concentration of B72.3 (5 mg/ml) and the molar ratio of 
B72. 3: EDC: ligand (1:1000:250). 

Protein + EDC+ Compound (3) 



at least 30 mins 
370C 

Purify on size exclusion 
ultra filtration membrane 



Fitrate 

unbound cryptate 
and EDC 



protein-(3) 



+ 64Cu and 

Analyse radiochemical purity 
by ITLC-SG 

Purify on size exclusion 
ultra filtration membrane or 
sephadex G25 column 




Column / Filtrate 

unreacted 64 Cu 64Cu ^belled protein 

Scheme 3. Synthesis of protein conjugated with compound (3) using EDC. 
Example 5 Biodistribution of Cu complexes of (1), (3) and (4) in Balb/C mice 

The biodistribution of the M Cu complexes of compounds (1), (3) and (4) (0.10 ml 
intravenous injection) were evaluated in balb/c mice (5 animals per time point) at 3, 5, 
10, 15, 20 and 30 minute time intervals. Biodistribution studies were performed in 
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duplicate. Biodistribution of the radiolabel is presented in Tables 1, 2 and 3, and is 
illustrated diagrammatically in Figures 3, 4 and 5. 

Example 6 Evaluation of 64 Cu-labelled conjugate of B72.3 with compound (3) in 



colorectal and ovarian tumours. The animal model used in the present study uses LS174t 
cells which also express TAG-72 antigen. The biodistribution of the ^Cu 
immunoconjugate (0.10 ml intravenous injection) was evaluated in LS174t tumour bearing 
nude mice (5 animals per time point) at 1, 3, 5, 24 and 48 hour time intervals. 
10 Biodistribution studies were performed in duplicate. Biodistribution of the radiolabel is 
presented in Table 4, and is illustrated diagrammatically in Figure 6a; Biodistribution of 
complex of compounds (1) (2) and (3) show that if the ligand actually detaches from the 
antibody in any form it will clear rapidly from the system and not release the ^Cu. 



5 



Tumour Hearing iNude mice 

The B72.3 antibody recognises the TAG-72 antigen which is expressed on 
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Modifications and variations such as would be apparent to a skilled addressee are 
deemed to be within the scope of the present invention. It is to be understood that the 
present invention should not be limited to the particular embodiment(s) described above. 
Throughout the specification, unless the context clearly indicates otherwise, the word, 
"comprise", "comprises", "comprising" or other variations thereof shall be understood as 
meaning that the stated integer is included and does not exclude other integers from being 
present even though those other integers are not explicitly stated. 

Further, the present invention relates to all steps, compounds, intermediates as 
well as final products. 

Dated 5 January, 1999 
Australian NucIeaFScience & Technology OT^anisatioh 
The Australian National University 

Patent Attorneys for the Applicants/Nominated Persons 
SPRUSON & FERGUSON 
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